The unifying characteristic of cnidarians is the production of protein and polypeptide toxins. The present study describes the identification of a hemolytic toxin from the soft coral Sarcophyton trocheliophorum. The crude extract was highly cytotoxic (EC 50 = 50 ng/mL) against human erythrocytes. It was also tested for hemolytic activity by the blood agar plate method, resulting in a hemolytic halo of 12 mm with 50 µg of protein. The stability of the venom under different physiological conditions was analyzed. The venom hemolytic activity was augmented by alkaline and neutral pH whereas it was reduced in acidic pH. The activity was stable up to 60°C. The hemolytic activity was completely abolished by the addition of serum and reduced significantly during frequent freezing-thawing cycles. Toxin purification was performed by ammonium sulfate precipitation and subsequently desalted by dialysis against 10 mM sodium phosphate buffer (pH 7.2), followed by anion exchange chromatography on DEAE cellulose column and gel filtration chromatography using Sephadex G-50 matrix. The purified active fractions possessed a prominent protein of approximately 45 kDa, as revealed by SDS-PAGE.
INTRODUCTION
The phylum Cnidaria includes the following benthic and pelagic animal classes:
anthozoa, scyphozoa, cubozoa and hydrozoa. They are diploblastic (ectoderm and endoderm) in their cellular organization with a homogeneous elastic material (mesoglea) between these two layers. Soft corals (anthozoa) are found worldwide in tropical environments. They are sessile, colonial forms having soft, fleshy and fragile tissues without any physical defense capability against their potential predators.
However, they can survive in such competitive environments because of their chemical defense strategy (1) .
The soft coral Sarcophyton trocheliophorum (common name: toadstool coral or leather coral) resembles a toadstool and presents a fine carpet of polyps, a lightbrown color and is found predominantly in the shallow tropical waters. Its buccal polyps are covered by a ring of tentacles. The tentacles are armed with nematocysts.
S. trocheliophorum was also covered with a layer of mucus that functions as an energy carrier (2) . When stressed the coral release toxins that get trapped in the mucus and function as first line of defense. Moreover, toxin production, a common feature of cnidarians, allows them to produce a variety of peptides and proteins that act as either neurotoxins or cytolysins (3) (4) (5) (6) . Toxins are produced by specialized stinging cells, the nematocysts. These nematocysts contain fine harpoon-like microscopic structures (cnida) that penetrate the surface layer of the victim and deliver a mixture of highly toxic substances. The role of toxins includes the capturing and killing of prey as well as digestion and protection from predators.
The toxins from sea anemones are better characterized than the other groups of cnidarians. Despite the belief that all cnidarians are venomous, the extant biochemical and functional studies have focused only on a few groups and very little research has been done on the toxicology of soft corals. But soft coral stinging nematocysts contain active proteinaceous venoms, while the extra-nematocyst tissues possess many other biologically and pharmacologically active metabolites (1) (2) (3) (4) (5) (6) (7) . Hence, the present study was undertaken to identify the cytolytic toxins from the soft coral Sarcophyton trocheliophorum. Furthermore, the study expands on the physiological characterization and purification of the cytolytic toxin. 
MATERIALS AND METHODS

Collection of Soft Coral Sarcophyton trocheliophorum
Toxin Extraction
The live coral was subjected to osmotic thermal stress, by spraying warm distilled water at 45°C, to induce the secretion of toxin (8) . The soft coral was always covered with thin layer of mucus. Hence, the secreted toxin and the mucus mixed together to form a thick slimy layer on the coral surface. The mucus layer was filtered through a sieve and stored in liquid nitrogen during transportation and at -70°C in the laboratory. When required, the aliquots were thawed and concentrated by lyophilization and reconstituted in phosphate buffered saline (PBS, pH 7.4).
Protein Assay
Concentrations of the proteins were determined by the method of Lowry et al. (9) using bovine serum albumin (BSA) as standard. The concentrations of proteins during purification studies were measured at 280 nm. Purified fractions of 100 μL were read at 280 nm using a microtiter plate reader (Molecular Devices, USA).
Ammonium Sulfate Precipitation
The crude extract was treated with ammonium sulfate (Hi-media Labs, India) to 100% saturation as per Rosenberg Table ( 10) . The mixture was stirred for 30 minutes at 4°C and later centrifuged at 10,000 x g for ten minutes at 4°C. The precipitate was resuspended in 10 mM sodium phosphate buffer (pH 7.2) and desalted by dialysis through a dialysing tube with a cut-off at 12,000-14,000 Da (Hi-media Labs, India) against 10 mM sodium phosphate buffer at pH 7.2.
Hemolytic Assay
Hemolytic activity was measured as the attenuation of human red blood cells at ambient room temperature using a microtiter plate reader (Molecular Devices, USA).
Freshly collected human blood with heparin was centrifuged to remove the buffy coat, and the erythrocytes (RBC) obtained were washed three times in 0.85% saline 
in which D obs is the attenuation measured in the well after 20 minutes and D max is the maximum attenuation by distilled water and D min is the minimal attenuation by erythrocyte buffer.
Hemolytic Activity on Human Blood Agar Plate
Human blood agar plate was prepared by adding 5 mL of human blood to 95 mL of sterile nutrient agar aseptically, with the result poured immediately onto the Petri dishes. After solidification, wells were cut into the agar plate-using a corkscrew borer (8 mm diameter). Wells were loaded with 50 μL (1 mg/mL) of protein samples. The plates were observed for hemolysis after overnight incubation at room temperature.
Characterization of the Hemolytic Fraction
The crude extract was characterized with respect to thermal and pH stability, stability during freezing-thawing cycles and treatment with human serum.
Effect of pH
The extract buffer was adjusted to pH 3, 4, 5, 6, 7, 8 and 9 with hydrochloric acid (HCl), incubated for 1 h at room temperature and assayed.
Effect of human serum
Human serum was added to the extract at a final concentration of 1% and incubated at room temperature for one hour. The mixtures were assessed for hemolytic activity against human RBCs, with serum-free extract as the control.
Purification of Hemolytic Proteins by Ion Exchange Chromatography
The dialyzed fractions were purified by ion exchange chromatography. Anionexchange chromatography was performed using DEAE cellulose column (1 x 5 cm)
at a flow rate of 60 mL/hour (10). The column-stabilizing buffer was 10mM sodium phosphate, pH 7. One milliliter of extracted proteins in the stabilizing buffer was 
Gel Filtration Chromatography
The dialyzed fractions were subjected to gel filtration chromatography in a Sephadex G-50 column (1.5 x 60 cm) pre-equilibrated with 10 mM Tris-HCl; pH 7.0 at a flow rate of 40 mL/hour (10). One milliliter (25 mg/mL) of anion-exchange chromatography proteins purified in the running buffer was loaded on the column. Chromatography was performed at 4°C. The fractions collected were tested for hemolytic activity and the fractions showing activity were pooled, lyophilized and analyzed by SDS-PAGE.
SDS-PAGE
Purified protein was analyzed by SDS-PAGE (12). SDS-PAGE was performed using 5% stacking gel and 10% resolving gels. Samples were denatured by boiling in loading buffer containing SDS and β-mercaptoethanol prior to loading onto the gel.
Following electrophoresis at 30 mA for four hours, gels were stained by silver staining (10).
RESULTS
Toxin production by cnidarians is an important aspect of their defense. In the present investigation we report the presence of hemolytic toxin for the first time from the soft coral S. trocheliophorum. The live coral was stressed to secrete toxin and the secreted toxin got trapped in the mucus. Moreover, corals slough off large amounts of mucus when stressed (13) . Then 450 mL of mucus containing the toxin was collected. The protein concentration was 0.46 mg/mL in the extracted fraction and 30 mg/mL in the ammonium sulfate-precipitated fraction.
Hemolytic activity of crude extract is shown in Figure 1 Although the hemolytic assay of the extract provided an excellent response, it was dependent on temperature (Table 1 ) and pH ( Table 2 ). Hemolytic activity peaked at room temperature (25°C) and 37°C. The activity was partially reduced at 60°C and no activity was observed when the crude extract was treated at 80°C, 100°C and autoclaved ( Table 1 ), indicating that the toxin responsible for hemolytic effect is heat labile. Hemolysis was favored by alkaline and neutral pH ( Table 2 ) whereas this activity was reduced in acidic medium (Table 2) . When 1% human serum was added to the extract, the hemolytic activity on human RBCs was neutralized ( Figure 3 ).
Activity was reduced by one-third during frequent freezing-thawing cycles, indicating the unstable nature of the toxin (Figure 3 ). (5) and were detected in toxin preparations obtained from sea anemones, jelly fishes, soft corals, sea fans and sea pens (5, (14) (15) (16) (17) . Hemolytic toxins of 30, 31, 32.5 and 35 kDa were detected from the different species of the fire coral Millepora (class:
Hydrozoa) (18) (19) (20) (15, 16) . In this study, SDS-PAGE analysis of the purified fractions showed a prominent protein band of ~45 kDa. Based on this weight it is believed that this toxin may also belong to the group of cytolysins of 30 to 45 kDa.
This paper reports the presence of hemolytic toxin from the soft coral S.
trocheliophorum, and is the first work to identify peptide toxin from this species. The cytolytic effect has been assessed using human erythrocytes. Interestingly, human serum exerts a total inhibitory effect on the cytolytic activity of the toxin. The 
